The length of time that a nauplius or chalimus requires to mature to their respective 72 next life stages depends on water temperature (Table 1) . Let γ x (T (t)) be a function that 73 describes the rate of change in the level of development for a given stage x ∈ {P, C} as it 74 depends on temperature (T ), which changes over time (t) . For notational simplicity, we write 75 simply γ x (t), because given functions that describe how temperature changes with respect to 76 time (T (t)), and how the development rate changes with respect to temperature (γ x (T )), we 77 can then determine how the development rate changes with respect to time (γ x (t)) without 78 needing to explicitly reference the dependence on temperature. 79 The waiting times associated with maturation are such that a cohort exiting a state x at 80 time t, will all have entered that stage at t − τ x (t). The waiting time, τ x (t), depends on the 81 development rate, γ x (t), and is defined as the length of time that it takes sea lice to reach 82 a threshold development level,q x , given that they entered the stage x with a development
(Nisbet & Gurney, 1983).
85
Natural mortality occurs in all stages at a per capita rate µ y (S(t)), where y ∈ {P, I, C, A}.
86
Natural mortality is a function of salinity S(t), which is a function of time (t). For notational 87 simplicity, we write simply µ y (t), because given functions that describe how salinity changes 88 with respect to time (S(t)), and how the mortality rate changes with respect to salinity 89 (µ y (S)), we can then determine how the mortality rate changes with respect to time (µ y (t)) 90 without needing to explicitly reference the dependence on salinity. Not all members of a 91 cohort who enter a stage x at time t − τ x (t) survive to mature at time t. The proportion of 92 the cohort that survive the maturation period is,
The proportion of eggs that produce viable nauplii is a function of salinity, v(t). All other 94 events in the sea lice life history do not depend on temporally varying quantities and are 95 assumed to occur at constant per capita rates. The complete model is a system of delay 96 differential equations,
where η is the number of eggs per egg string, is the rate of egg string production, ι is the 
The shape of the function is described by the duration of the life stage (β −2 x ) at the reference Water temperature (T (t)) and salinity (S(t)) on salmon farms varies over time. We use 121 sinusoidal functions to describe the general annual patterns, 122
where a is the average annual temperature, c is the average annual salinity, and b and d are the respective amplitudes of the cosine functions. Sinusoidal functions of the form,
were fit to monthly temperature and salinity data from a salmon farm in the Broughton Environmental conditions that result in < 1 are shown as circles.
The basic reproductive ratio, R 0 , is commonly used as a measure of reproductive success salinities and visa versa. We find R 0 (t) to be highest in December, when salinity is high, but 182 temperatures are low (Fig. 4A ). As such, sea lice that enter the farm in December will go 183 on to produce the most offspring despite having longer generation times than sea lice that 184 hatch in the summer months (Fig. 4B ). The value of R 0 (t) is not < 1 at any point during 185 the year, so an adult female that enters at any given time can reasonably be expected to the end of the summer. We find that R 0 (t) is highest in August (Fig. 4A) , after maturation 195 times plummet during the summer months ( Fig. 4B) and when time to maturity is shortest 196 (Fig. 4B ). The value of R 0 (t) is not < 1 at any point during the year, so an adult female 197 that enters at any given time can reasonably be expected to replace itself over the course of The simulation begins with only adult females and the only parameter that affects adult 208 mortality is mean salinity (c, Fig. 5A ). After the cohorts start maturing the size of the 209 adult female population is also affected by parameters relating to maturation, infection, and 210 reproduction ( Fig. 5A and B) . The three most sensitive parameters at 180 days were mean 211 temperature (a), mean salinity (c), and the number of eggs per egg clutch (η; Fig. 5A and B) . data would need to be provided for analysis using our model. This is especially pertinent 251 as salinity patterns may vary substantially over small spatial scales due to their proximity 252 to rivers, and even two sites within the same broad geographic region potentially could have 253 very different salinity patterns.
254
It is important to note that the R 0 (t) we calculate is not a threshold condition for sea lice 255 epidemics, since subsequent generations will hatch throughout the year and experience their sea lice outbreaks. One of the advantages to using a deterministic delay differential equation 261 approach is that the theoretical approaches outlined in Zhao (2015) can be utilized.
262
Our sensitivity analysis found that adult female sea lice abundance is most sensitive to 263 average annual temperature and salinity. This is likely because a large number of parameters 264 depend on temperature (τ P (t) and τ C (t)), salinity (µ P (t), µ I (t), µ C (t), and µ A (t)) or both 265 (φ P (t), φ C (t)). Our findings that lice abundance is more sensitive to the development rate of 
